This research has an academic approach to know the relative efficiency of toll roads managed by the Administración General del Estado through a DEA approach. The global technical efficiency, local pure technical efficiency and scale efficiency were estimated. Thus, the possible reasons why there is inefficiency and as reverse it. The great majority of toll roads are not fully effective according to the DEA approach, showing a greater global efficiency, with an increase in their return to scale, with the possibility of improvements in their efficiency levels.
Introduction
The concession model is widely used in Spain, which has allowed a great development of its road network, ruled by two laws (1972 and 2003) . According to data from the Ministerio de Fomento (2016) in Spain there are 3,307 km of toll roads under the concession model where the payment for the service is by toll or shadow toll and being operated by 21 concession companies.
It is important to know the efficiency of road concessions in order to have a better management of the infrastructure. To know the efficiency of the highways granted by the Administración General del Estado Español in this article, the Data Envelopment Analysis (DEA) will be used, with which the efficiency of the production of a unit can be estimated in a certain period of time.
Efficiency Measurement
In his research, Farrell (1957) , identified two components of efficiency: technical efficiency (TE) is the maximization of the product for a given set of inputs and a price efficiency that reflects the use of inputs allocated in optimal proportions, achieving an allocative efficiency (AE). When both efficiencies are achieved, an economic efficiency (EE) is generated. a) b)
Fig. 1 -Technical and Allocative Efficiencies: a) Input-oriented measurement b) Output-oriented measurement. Source: Coelli (1996) 2.1. Input-Oriented Measurement Coelli (1996) , in his work continuing Farrell's research, mentions that the latter illustrates his ideas in a good way with a simple example of how a firm uses two inputs (X1 and X2) to produce a single product (Y), assuming the constant return of scale. Figure 1 shows the efficiency frontier represented by the curve SS'.
The point P is the number of inputs determined by a firm for a production unit. The technical inefficiency of the firm would be represented by the distance QP, which is the possible reduction in the quantity of inputs without having a reduction in the quantity of product. This can be represented with the relation QP/0P being the percentage in which all the inputs can be reduced.
The input-oriented technical efficiency (TEI) of a firm can be measured by the relationship represented in equation (1):
The numerical value of the TE will oscillate between 0 and 1, providing the efficiency level of the firm. The value of 1 means that it is completely technically efficient. Point Q of Figure 1 (a) is on the efficiency frontier so it is technically efficient.
If the input price ratio is also known, which is represented by line AA' in Figure 1 , the allocative efficiency can be known. The input-oriented allocative efficiency (AEI) of a firm at point P can be defined by the relationship represented in equation (2):
where the distance RQ represents the reduction in production costs, which would occur at the point Q' in which the technical and allocative efficiency would be reached, instead of the Q point where only technical efficiency is reached. The economic efficiency input-oriented (EEI) is defined by the relationship represented in equation (3):
where the distance RP represents the reduction in costs. The product of technical efficiency and allocative efficiency is total economic efficiency, represented by equation (4):
percentage by which all inputs could be reduced. The technical efficiency (TE) of a firm is most commonly measured by the ratio
which is equal to one minus QP/0P. 4 It will take a value between zero and one, and hence provides an indicator of the degree of technical inefficiency of the firm. A value of one indicates the firm is fully technically efficient. For example, the point Q is technically efficient because it lies on the efficient isoquant.
Figure 1 Technical and Allocative Efficiencies
If the input price ratio, represented by the line AA′ in Figure 1 , is also known, allocative efficiency may also be calculated. The allocative efficiency (AE) of the firm operating at P is defined to be the ratio
3 The production function of the fully efficient firm is not known in practice, and thus must be estimated from observations on a sample of firms in the industry concerned. In this paper we use DEA to estimate this frontier. 4 The subscript "I" is used on the TE measure to show that it is an input-orientated measure. Outputorientated measures will be defined shortly. Technical and Allocative Efficiencies from an
Output Orientation
The Farrell output-orientated efficiency measures would be defined as follows. In Figure 4 the distance AB represents technical inefficiency. That is, the amount by which outputs could be increased without requiring extra inputs. Hence a measure of output-orientated technical efficiency is the ratio
If we have price information then we can draw the isorevenue line DD′, and define the allocative efficiency to be Coelli (1996) following with Farrell's work, for the product-oriented measurement two products (Y1 and Y2) per unit of input (X) are considered, this can be represented in Figure 1 (b). The curve ZZ` is the possibility of unit production and point A an inefficient firm.
Output-Oriented Measurement
The distance AB represents the technical inefficiency, this is the improvement in the production without increasing the inputs units. A measure of product-oriented technical efficiency (TEO) is the relationship, represented by equation (5):
If the price is known, the line DD' can be draw and define the allocative efficiency, this is represented by equation (6):
which can be interpreted as the increase in income, similar to the reduction of costs in the inefficiency of allocative input-oriented. The economic efficiency of the output (EEO) can be defined by the product of both efficiencies, as shown in equation (7).
Data Envelopment Analysis
For Cooper et al. (2006) the name of the DEA refers to its way of "envelops" the variables to be evaluated through a frontier that represents the performance of the entities to be evaluated. It is a non-parametric method of linear programming. The DEA takes full advantage of the data limitations and can be used to know the technical efficiency, the allocative efficiency and scale efficiency.
In the work of Charnes et al. (1978) based on Farrell's research, they introduce the term "Decision Making Unit" (DMU) as a way to envelop and evaluate a group of firms that use resources to make a product. The result of these evaluations is a performance score that oscillates between zero and one, which represents the efficiency level obtained by each assessed firm.
The firm with the highest efficiency is considered to be the most efficient in the circumstances approached, and is the reference in the evaluation of the different firms within the group. The difference between the firm with greater efficiency and those with lower efficiency is the potential for improvement under the conditions of evaluation. Cooper et al. (2006) mention that the return to scale (RTS) is the relationship between inputs and outputs when one has changed. In economic terms, reference is made to elasticity, focusing on the increase or decrease of efficiencies based on their magnitude of change. Cooper et al. (2006) mentions the CCR model, proposed by Charnes et al. (1978) , is based on constant returns to scale. It is assumed that the set of production possibilities has the property: if (x, y) is a possible point, then (tx,ty) for any positive point t is also possible. Figure 3 shows a production frontier for a single product for a single input. The result of its efficiency is known as global technical efficiency. Cooper et al. (2006) mentions the BCC model, proposed by Banker et al. (1984) , it has its production borders in a convex curve, as can be illustrated in Fig. 3b . In the BCC model, the frontier is variable, having a Variable Return of Scale (VRS), as show in Figure 4 , the first segment of the curve shows an increasing return of scale, the second segment being a decreasing return of scale and at the point where the first and second segment of the curve joins there is a constant return of scale. The result of its efficiency is known as pure local technical efficiency. 
Return to Scale
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DEA Solver
For the realization of the DEA, the software developed by Cooper et al. (2006) in its educational version was used for this work. The DEA Solver LV software is a spreadsheet-based program designed for use with Excel 1997 or higher. The interface is visual, making it a user-friendly program. The educational version of the DEA Solver has a maximum of 50 DMU's and contains 7 basic models of DEA. Among those that are the model CCR and BCC that will be used in this work.
Data
To run the DEA Solver LV, the Excel file must be previous prepare with the necessary data, it must contain the DMUs to evaluate, inputs and outputs. The data for this work was obtained from the "Informe 2016 sobre el sector de autopistas de peaje en España" (Ministerio de Fomento 2016) and Boletín Oficial del Estado.
Toll Roads
There are 29 concessions of toll roads (TR) that are operated by 21 concession companies. Table 2 shows the data used for the AED:
Data of the Toll Motorways
• ID: Toll road identifier • TR: Toll road name • IP: Operator income in millions of Euros during the year 2016.
• IMD: Daily average intensity of the vehicles that paid toll during the year 2016.
• TO / TC: Ratio of operation years over concession years of the toll road.
• PKm: Average prices of tolls per kilometer in Euros in force in 2016.
• CC: Cost of construction of the toll road through the average value of the budget framed in order FOM/3317/2010 in millions of Euros.
• GO: Operator expenses in millions of Euros during the year 2016. 
Definition of Inputs and Outputs
The relative technical efficiency will be evaluated, due to the efficiency achieved by an evaluated production unit (TR) within a production group (29 TR) and variables used (inputs and outputs).
To perform the DEA, it must be defined the inputs to make a product. In this case two products and four inputs, the variables are labeled as Inputs with the prefix (I) and Product (O). In table 3, the inputs and products are shown. Table 5 and 6 show the results of the analysis of the CCR and BCC models, for each TR the efficiency level obtained in both models is shown. The BCC model shows the Return to Scale (RTS) indicating whether the efficiency level has Increase (I), Decrease (D) or is Constant (C). The Scale Effiency (SE) is the relationship of global technical efficiency and local technical efficiency.
Results and Empirical Analysis
Input-Oriented Efficiency
According to the results shown in Table 5 , DMU No. 2, 4, 8 and 10 operate under the dimension of most productive scale. DMU No. 5, 7, 18, 19, 20, 24 and 25 have the highest level of local efficiency due to the lower use of inputs, but they are global inefficient. The RTS in the toll roads shows 25 with increase, indicating that they could have an improvement in their efficiency and 4 are constant. On average, the TR in the input-orientation has an average efficiency of 50.97% for the CCR model and 88.61% for the BCC model, indicating that they only use this amount of inputs for the generation of outputs. To become efficient, they would have to reduce their inputs by 49.03% and 11.39% respectively.
Output-Oriented Efficiency
According to the results presented in Table 6 , DMU No. 2, 4, 8 and 10 operate under the dimension of most productive scale. DMU No. 7, 18, 20 and 25 have the highest local efficiency due to their greater product increase, but they are inefficient globally. The RTS in the toll roads show 18 with increase, indicating that they could have an increase in efficiency and 11 are constants. In output-orientation, the average efficiency for the CCR model is 50.97% and 68.15% in the BCC model, indicating that it is the amount of product generated with the inputs used. For TR to be efficient, they would have to increase their production by 49.03% and 31.85%.
Overall Analysis
Input-oriented tells us how inefficient toll roads can achieve full efficiency by reducing their inputs, that is, by improving their practices. Output-orientation requires adopting best practices to generate greater outputs with the same inputs. Technical inefficiency is a management problem where a certain number of products are necessary for a given number of inputs.
From the results of efficiency levels of the CCR and BCC models shown in Table 5 and 6, DMU No. 2, 4, 8 and 10 operate under the dimension of most productive scale, due to their maximum efficiency in both models, which means that they operate under constant scale conditions (CCR).
Toll roads with only local efficiency are due to their scale size. In the results, the toll roads with the maximum level of efficiency under the BCC model, operate under conditions of scale increase, which means that they can reduce the marginal cost of production in the long term. Toll roads present inefficiency of scale, due to the greater use of input generating a smaller number of outputs. Most toll roads operate under variable scale conditions (BCC). SE shows the extent to which a toll road deviates from the optimal scale, the vast majority suffer from scale inefficiency. On average in the inputs-orientation with 41.40% of inefficiency and in its output-orientation a 23.06% of inefficiency. To achieve efficiency in toll roads, an average reduction in their inputs would be needed: 11.38% for the TO/TC, 13.88% for PKm, 23.29% for CC and 15.97% for GO.
Conclusions
This study is an academic exercise, since the specific data of the variables to be evaluated were not possible to obtain, the individual public data existing for each toll road or a relation by the concessionaire operator were taken. But it is a good exercise to have an approximation of the level of efficiency in the toll roads. Taking the toll roads that will be rescued by the State as reference, they are found with low levels of efficiency in comparison to the others toll roads, except for "M-110 -M-40" that presents higher levels of efficiency. This may be because this analysis shows the level of efficiency at a certain point in time, so there could be a change in efficiency levels for this toll road from its opening to this analysis.
